Abstract
Introduction
Gestational diabetes mellitus (hereinafter, gestational diabetes) is defined as any glucose intolerance diagnosed during pregnancy (1) . An estimated 1% to 14% of pregnancies are affected by gestational diabetes in the United States (2, 3) . Women with gestational diabetes are at 7 times greater risk of developing type 2 diabetes than are women without gestational diabetes (4) . Although most women with gestational diabetes return to normal glucose tolerance after delivery, as many as 10% to 50% can develop type 2 diabetes within 5 years (4). Yet, progression to type 2 diabetes can be prevented by adopting and maintaining a healthy weight through adopting healthy lifestyle behaviors (4, 5) .
Several studies have examined health behaviors among women with gestational diabetes. One analysis of data from the 2006 Behavioral Risk Factor Surveillance System found approximately 3% of women aged 18 to 44 had gestational diabetes, and levels of physical activity, fruit and vegetable consumption, or smoking did not differ significantly between women with gestational diabetes and women without gestational diabetes (5) . Another study using data from the 2007-2010 National Health and Nutrition Examination Survey (NHANES) found that 7.7% of women aged 20 to 44
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had gestational diabetes and that dietary quality among these women was lower than that among women without a history of gestational diabetes (6) .
Information on trends in the prevalence of gestational diabetes is limited, and most of this information is based on hospital delivery data (7, 8) . Recent changes in health behaviors among women with a history of gestational diabetes in the United States have not been examined. Such information is needed to inform efforts to promote healthy lifestyles in this population. The objectives of our study were to 1) describe the prevalence and recent changes in the prevalence of gestational diabetes in the United States, 2) describe and compare changes in practicing healthy behaviors among women with and without gestational diabetes, and 3) assess the relationship between a diagnosis of gestational diabetes and practicing healthy behaviors.
Methods
We collected data for this analysis from 4 waves of NHANES: 2007-2008, 2009-2010, 2011-2012, and 2013-2014 (9) . At the time of our analysis, in 2018, the most recent NHANES data available were from 2013-2014. NHANES consists of self-reported data collected from participants during an in-home interview and clinical examination data gathered in a mobile examination center. The survey provides estimates for health conditions and health behaviors that can be generalized to the entire US population. The question on gestational diabetes was first administered in [2007] [2008] . We collected measures of health behaviors from the questionnaires on physical activity, dietary recall, and smoking/cigarette use.
Our sample consisted of women aged 20 to 44 years. In the NHANES survey, women were asked, "During your pregnancy, were you ever told by a doctor or other health professional that you had diabetes, sugar diabetes or gestational diabetes?" As in previous research (6) , women who responded yes to this question were classified as having gestational diabetes (n = 335); those who answered no or "borderline" were classified as not having gestational diabetes (n = 2,807). We excluded women who self-reported currently having diabetes (n = 108). Thus, the final study sample consisted of 3,034 women (287 with gestational diabetes 
Measures
Physical activity. In the Physical Activity Questionnaire, women were asked, "In a typical week, on how many days do you do vigorous-intensity sports, fitness or recreational activities?," "How much time (minutes) is spent doing vigorous recreational activities?," "In a typical week, on how many days do you do moderateintensity sports, fitness or recreational activities?," and "How much time (minutes) is spent doing moderate recreational activities?" To calculate the total minutes of physical activity, the number of minutes spent in vigorous-intensity physical activity was doubled (assuming that 1 minute of vigorous activity equals 2 minutes of moderate activity [10] ) and added to the minutes of moderate-intensity physical activity (11) . This variable was coded as binary: either meeting the guideline for physical activity (if ≥150 minutes per week) or not meeting the guideline (if <150 minutes per week).
Dietary behaviors. In the Dietary Recall Questionnaire, women were asked about their daily food consumption, and the amount of sodium, fiber, and cholesterol intake was estimated. According to the American Heart Association and the American Diabetes Association, a daily cholesterol intake of less than 300 mg, a daily fiber intake of more than 25 g, and a daily sodium intake of less than 1,500 mg meet the daily dietary guidelines (11) . Daily intakes that met these guidelines were classified as meeting guidelines, and daily intakes that exceeded the guidelines (cholesterol or sodium) or did not reach the guideline (fiber) were classified as not meeting the guidelines. All 3 dietary behavior variables were coded as binary (yes or no) outcomes.
Smoking behavior. In the Smoking/Cigarette Questionnaire, women were asked, "Do you now smoke cigarettes?" and "Have you smoked at least 100 cigarettes in your entire life?" Women were classified as current smokers if they answered yes to both questions; otherwise, they were classified as noncurrent smokers (ie, former or never smokers).
On the basis of previous literature (5, 12) 
Statistical analysis
We calculated the overall prevalence of gestational diabetes during 2007-2014, and we examined differences in demographic characteristics between respondents with gestational diabetes and respondents without. We also tested the following interactions: gestational diabetes by year, gestational diabetes by race/ethnicity, gestational diabetes by income, and gestational diabetes by education. None of these interactions were significant. Thus, we did not include them in the final model. We used survey commands in SAS version 9.4 (SAS Institute Inc) in all analyses to account for the survey design of NHANES.
Results
Women with a history of gestational diabetes were older (35.2 vs 33.7 y), more likely to be obese (48.4% vs 35.8%), more likely to be married (77.9% vs 70.9%), and more likely to report poor or fair health (23.1% vs 14.8%), and had more live births delivered (2.3 vs 2.1) than women without gestational diabetes ( Table 1 Overall, trends were flat, with no significant increases or decreases. The estimates for sodium intake, fiber intake, and current smokers were not valid because the small sample size resulted in relative standard errors of more than 30%. The pooled data for 2007-2014 showed that, among women with gestational diabetes, 64.2% (95% CI, 54.3%-73.0%) met the physical activity guideline, 71.8% (95% CI, 64.9%-77.8%) met the cholesterol intake guideline, 8.0% (95% CI, 4.9%-12.9%) met the sodium intake guideline, 11.3% (95% CI, 7.4%-17.0%) met the fiber intake guideline, and 16.5% (95% CI, 12.0%-22.2%) were current smokers.
In our examination of changes in the proportion of women without gestational diabetes who met guidelines for health behaviors (Figure 2 ), we found a significant trend only for fiber intake: the proportion increased from 8.7% in 2007-2008 to 13 .7% in 2013-2014 (P = .04), according to linear regression results. We found no significant trends for the other health behaviors. In the multivariate logistic regression analysis, we found no significant difference in practicing the health behaviors between women with gestational diabetes and women without gestational diabetes (Table 2 and Table 3 ). Some covariates in the models, however, were significant. In the physical activity model, women who self-reported fair or poor health (adjusted odds ratio [AOR] = 0.59; 95% CI, 0.38-0.93) and women who were obese (AOR = 0.63; 95% CI, 0.43-0.92) were less likely to meet the physical activity guideline than were women who self-reported good, very good, or excellent health and women who were not overweight or obese (Table 2 ).
PREVENTING CHRONIC DISEASE
In the smoking status model, women were less likely (AOR = 0.59; 95% CI, 0.44-0.78) to smoke in 2013-2014 than in 2007-2008. Non-Hispanic black women, Mexican American women, and women in the "other" racial group were less likely to smoke than non-Hispanic white women (P < .001). Women with at least some college were less likely (AOR = 0.33; 95% CI, 0.25-0.45) to smoke than those who did not graduate from high school. Women whose annual household income was 100% or more of the federal poverty level were less likely to smoke than women with a lower household income (<100% of the federal poverty level) (P < .006). Women who were obese (AOR = 0.71; 95% CI, 0.52-0.98) were less likely to smoke than women who were not overweight or obese, and women who reported fair or poor health (AOR = 1.94; 95% CI, 1.42-2.66) were more likely to smoke than women who reported good, very good, or excellent health (Table 2 ).
In the cholesterol model, non-Hispanic black women (AOR = 0.57; 95% CI, 0.44-0.73), Mexican American women (AOR = 0.57; 95% CI, 0.45-0.73), women in the "other" racial group (AOR = 0.63; 95% CI, 0.48-0.82), and women who were obese (AOR = 0.75; 95% CI, 0.57-0.98) were less likely to meet the cholesterol intake guideline than the reference groups. In the fiber intake model, non-Hispanic black women (AOR = 0.54; 95% CI, 0.34-0.87) were less likely to meet the fiber intake guideline than non-Hispanic white women, but Mexican American women (AOR = 2.06; 95% CI, 1.44-2.94) were more likely. Women were less likely to meet the sodium intake guideline in 2011-2012 (AOR = 0.52; 95% CI, 0.32-0.86) and in 2013-2014 (AOR = 0.49; 95% CI, 0.31-0.75) than in 2007-2008. Women whose annual household income 200% or more of the federal poverty level were less likely to meet the sodium intake guideline, yet women having more birth deliveries (AOR = 1.14; 95% CI, 1.01-1.29) were more likely to meet this guideline (Table 3 ).
Discussion
Our study showed that the prevalence of gestational diabetes is trending upward, but not significantly. The trends for the proportions of women who met guidelines for health behaviors were flat during the study period for women with gestational diabetes and those without. The study period (2007-2014) may have been too short to detect a trend. We found no significant association between gestational diabetes status and practicing the health behaviors examined. Overall, we showed that a substantial number of women with gestational diabetes did not meet healthy behavior guidelines: 35.8% did not meet the guideline for physical activity; 28.2% did not meet the guideline for cholesterol intake; 92.0% did not meet the guideline for sodium intake, 88.7% did not meet the guideline for fiber intake; and 16.5% were current smokers.
Recent studies emphasize the importance of lifestyle interventions and education for women with gestational diabetes (13) (14) (15) . To prevent the progression of type 2 diabetes, the American College of Obstetrics and Gynecology (16) and the American Diabetes Association (1) recommend that all women at high risk for diabetes receive healthy lifestyle education on diet, physical activity, and weight management. The Diabetes Prevention Program showed that lifestyle interventions reduced type 2 diabetes incidence by 35% in women with gestational diabetes (17).
Our study showed that during 2007-2014, 8 .9% of women of reproductive age reported a history of gestational diabetes, which aligns with previous estimates of gestational diabetes prevalence (18,19). The 2007-2010 Pregnancy Risk Assessment Monitoring System, for example, showed that 9.2% of women delivering live births had a diagnosis of gestational diabetes (20). (8) . The lack of a significant trend in gestational diabetes prevalence in our study may be due to the shorter time span -only 4 waves of data were available for our analysis. The trend should continue to be monitored.
PREVENTING CHRONIC DISEASE
Our results showed that women with gestational diabetes were not more likely or less likely to meet the guidelines for health behaviors than women without gestational diabetes. We expected that women with a history of gestational diabetes would have higher levels of healthy behaviors. Our findings are consistent with a 2006 study on health behaviors in women of childbearing age (5), which found no difference in physical activity and other health behaviors between women with and without gestational diabetes. Our study results suggest that more education efforts are needed to promote healthy behavior practices among these women.
Some studies found that women with gestational diabetes, citing concern for the health of the baby, did report making healthy behavior changes during pregnancy. After the birth, however, women reported obstacles, such as fatigue, lack of time, and lack of child support, to practicing healthy behaviors (21,22). Additionally, women with gestational diabetes typically are closely monitored by a team of medical providers during pregnancy. After pregnancy, healthy behaviors may be hard to sustain because of fragmentation of care (23). One study found that routine glucose tolerance testing after a gestational diabetes pregnancy was not practiced by physicians (24). Future research should investigate interventions to remove physician barriers to promoting women's health after pregnancy.
We found some racial differences in practicing health behaviors. Women in racial/ethnic minority groups were less likely to be current smokers and to meet cholesterol intake guidelines than nonHispanic white women, and Mexican American women were more likely than non-Hispanic white women to meet fiber guidelines. One qualitative study found that Vietnamese women were most likely to follow diet and exercise plans while white women were least likely (25). Thus, understanding how various racial/ethnic groups interpret health messages may be important, and health educators may need to tailor their messages for these groups. Furthermore, we showed that a higher income level did not necessarily increase the odds of practicing healthy behaviors. For example, higher-income women were not more likely than low-income women to meet the sodium intake guideline. This finding is consistent with data from the Interdisciplinary Chronic Disease Collaboration survey, which found no significant difference in following behavioral change advice among various income groups (26). Thus, factors other than income may play a more important role in behavior change among reproductive-aged women. Higher income women were, however, more likely to be nonsmokers.
Our study found some differences over time in dietary behaviors and smoking. Women in 2013-2014 were less likely than women in 2007-2008 to meet the daily sodium intake guideline, which may reflect consumption of high-sodium fast food. A study found that the sodium content in 8 leading US fast-food restaurants increased by 23.4% from 1997-1998 to 2009-2010 (27) . Studies also found that women aged 20 to 39 were more likely to consume fast food than women in other age groups (28). On a positive side, our study found that women were less likely to smoke This study has limitations. First, the data are self-reported, and such data are subject to bias. Respondents may misreport or underreport gestational diabetes and may overreport healthy behaviors, thus affecting the accuracy of the estimates. Second, the short study period -only 4 waves of data -may not be sufficient for trend analysis. Our study provided an initial assessment of the changes from 2007 through 2014. Future research is needed to assess the trend when more data are available. Third, we did not include such factors as employment status in our model, which could have affected the estimates of the association between gestational diabetes status and health behaviors. We did not include the number of children in the home because these data were not avail- The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services, the Public Health Service, the Centers for Disease Control and Prevention, or the authors' affiliated institutions.
